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Abstract: In this article, a dual-band compact quasi-Yagi antenna with defected ground structure (DGS) is proposed.
The proposed antenna has a simple feeding mechanism consists of a microstrip and transmission line. Half of the
driver and director elements are printed on the opposite side of the substrate to ensure good coupling between the
antenna elements and achieve a stable radiation pattern. The ground plane is modified with one rectangular slot below
the microstrip line to form dual-band operation. Also rectangular slots placed on the sides of the ground plane to
improve the matching. The proposed antenna works at f1 = 3.35 and f2 = 6.15 GHz, respectively. The antenna
eﬀiciency is above 88% at f1 and 78% at f2 with bandwidths of 11.8% and 9.7% , respectively. The realized gain is
around 4.3 dBi at both frequency range with an end-fire radiation characteristics. An excellent agreement is observed
between the simulation and measurement results. The proposed antenna is suitable for dual-band operations in wireless
communications systems.
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1. Introduction
There is a growing interest in high-performance antennas due to increased user demands in many wireless
communications systems. It is, thus, expected from a single antenna to perform multiple tasks simultaneously.
Furthermore, using multifunctional antennas reduces the complexity and provides a more compact system
design. For instance, dual-band operation is very desirable for two-way data transmission in wireless and indoor
communication systems. Planar antennas are typically good candidates for these types of applications for their
versatile and rich characteristics [1]. In particular, quasi-Yagi antennas have attracted considerable attention
in recent years due to their favorable broadband, high gain, and end-fire radiation characteristics [2–4]. The
conventional quasi-Yagi antenna was first introduced by Qian et al. [2] and further studied by others [3–6] to
improve the characteristics of the antenna. Due to the aforementioned reasons, they have found a wide range
of applications in areas such as wireless communication [7–9], mm-wave systems [10–12], and energy harvesting
[13].
Quasi-Yagi antennas, in general, consist of three main elements: the driver, the director, and the reflector.
Typically, the driver is designed using a simple dipole element as the main radiating element, while the director
is utilized as a parasitic element to achieve the desired antenna performance. Different from conventional
Yagi antennas, the reflector is realized using the ground plane. This being an advantage in planar circuitry
fabrication also requires complicated balun designs [2–4]. As a result, different, simplified feeding mechanisms
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Figure 1. Schematic configuration of the proposed antenna with design parameters (in mm) given as W = 42 , L = 32 ,
L1 = 15 , L2 = 4 , L3 = 1.5 , L4 = 3.5 , W1 = 15.3 , W2 = 4.3 , S1 = 2.8 , S2 = 1.3 , Ldri = 16.1 , Ldir = 8 , Wdri = 1.4 ,
Wdir = 2 , D1 = 3.2 , D2 = 0.7 , SW = SL = 6 .

are also proposed to avoid sophisticated balun designs [5, 6]. The performance of quasi-Yagi antennas depends
on the particular choice and arrangement of these main elements. As a result, many attempts have been
made to improve antenna performance and obtain new characteristics from quasi-Yagi antennas [14–17] via
modification of these main elements. In many of these studies, the primary focus was usually to improve the
antenna’s bandwidth or gain. There are only a few studies in the literature related to dual/multiband quasi-Yagi
antennas. The dual/multiband characteristics, typically, is generated via the modification on the driver [18–23]
or director element [13, 24]. Although they are effective in generating dual/multiband operation, they either
require very complex designs, lead to reduced gain, or alter the end-fire radiation characteristics.
In this paper, we present a dual-band quasi-Yagi antenna utilizing a defected ground structure (DGS).
The proposed antenna has a simple design, very compact size, and a simple feeding mechanism consists of a
microstrip and transmission line, thus avoiding a sophisticated balun design. Different from previous studies,
the reflector element (ground plane) is modified with a square slot to generate a dual-band operation. The
DGS elements (slots) act as a matching element and leads to dual-band generation. Furthermore, the higher
resonance frequency can be tuned via the length of the slot. The proposed antenna exhibits the well-known
end-fire radiation characteristics of a conventional quasi-Yagi antenna at both frequency bands. Experimental
results show that the proposed antenna works between 3.1 − 3.6 GHz and 5.85 − 6.45 GHz with a bandwidth
of 11.8% and 9.7% . The antenna has a good stable gain of around 4.3 − 4.4 dBi at both frequency bands,
respectively.
159

Turan and Odabaşı/Turk J Elec Eng & Comp Sci

2. Antenna design
The schematic configuration of the proposed antenna is depicted in Figure 1. The antenna is printed on
a FR-4 substrate with a dielectric constant of ϵr = 4.3 , a loss tangent of loss δ = 0.023, and a substrate
thickness of h = 1.5mm. The antenna has a compact size of W × L = 0.47λ1 × 0.36λ1 (lower band) and
W × L = 0.86λ2 × 0.66λ2 (upper band) where λ1 and λ2 are the free space wavelengths at the two resonance
frequencies. The simplified feeding structure is used in the design [6]. This feeding mechanism allows us to
modify the ground plane without significantly distorting the overall antenna performance. The driver and the
director elements are printed as half on the substrate’s top and bottom plate to improve the matching between
the antenna elements. CST Microwave Studio software is used for numerical results. The details of the proposed
antenna parameters are given in the caption of Figure 1.
In order to better understand the working principle of the antenna, we study three different designs as
depicted in Figure 2a. Figure 2b shows the return loss ( |S11 | ) values for these three antennas. Note that
only the ground layer of these antennas is shown here as the top layer is unchanged. Antenna 1 shows the
conventional simple quasi-Yagi antenna with minimized distances between the driver and the ground plane to
have a compact overall antenna size. As a result, as seen in Figure 2b, Antenna 1 has a high return loss in
the desired frequency range. Antenna 2 is designed with a rectangular slot inserted at the center of the ground
plane. The addition of a rectangular slot in the ground plane generates the dual-band operation. The slot in
the ground plane acts as an impedance matching element. Because the matching of the antennas is reduced due
to the reduced antenna dimensions, the slots improve the matching, thus generates the dual-band operation.
Finally, additional rectangular slots are included on the sides, as shown in the proposed antenna configuration,
to improve the matching further. The figure shows that the proposed antenna works at two different frequencies
of f1 = 3.35 and f2 = 6.15 GHz.

Figure 2. (a) The configuration of the antennas. (b) Return loss ( |S11 | ) values for the three antenna design.

Parametric studies have been conducted in order to see more clearly the formation of dual-band characteristics. Results of this study are shown in Figures 3a and 3b. Figure 3a shows the effect of parameter
’ SW ’ on the proposed antenna’s return loss where the ’ SL ’ is kept fixed as ’ SL = 6 mm’. As can be seen from
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the figure, the ’ SW ’ parameter can be used to improve the antenna’s matching without changing the resonant
frequencies of the antenna. Figure 3b shows the effect of slot length ’ SL ’ on the return loss, while ’ SW ’ is kept
as ’ SW = 6 mm’. It can be observed from the figure that by changing ’ SL ’ one can tune the second resonance
frequency of the antenna. After these parametric studies, these parameters are chosen as ’ SW = 6 mm’ and
’ SL = 6 mm’ for this particular design.

Figure 3. The effect of the slot at the center of the ground plane is to generate dual band operation. With the addition
of side rectangular slots the matching is further improved.(a) and (b) effect of the center slot parameters. (a) Return
loss ( |S11 | ) for different width values ( SW ) of the center slot ( SL = 6 is kept as 6 mm). (b) Return loss ( |S11 | ) for
different length values ( SL = 6 ) of the center slot ( SW = 6 is kept as 6 mm).

3. Results and discussion
The prototype of the proposed antenna has been fabricated on an FR-4 substrate with a 50 ohm SMA connector.
The photograph of the fabricated antenna sample is shown in Figures 4a and 4b. Figure 4c shows the simulated
and measured return loss (|S11 |) values of the the proposed antenna. Excellent agreement between both
results is obtained. The proposed antenna exhibits −10 dB bandwidth of 11.8% and 9.7% in simulation and
measurement for the two center frequencies of f1 = 3.35 and f2 = 6.15 GHz, respectively.
To better understand the dual-band characteristic of the antenna, the current distributions at two
resonance frequencies are plotted in Figures 5a and 5b. The square slot provides an additional current path to
form a dual-band operation. Figure 5c shows the simulated eﬀiciency and gain of the proposed antenna. The
antenna has an eﬀiciency of 88% and 78% in the lower and upper resonance frequencies. The antenna has a
stable gain varies between 4.3 and 4.4 dBi in both frequency band. Both the eﬀiciency and gain can be further
increased by using low-loss substrate. To prove the stability of the radiation pattern, the antenna was simulated
for E-plane and H-plane at operating frequency limits in Figures 6a and 6b, respectively. Figures 7a and 7b
show the comparison of the simulated and measured realized gain patterns for E and H plane at 3.35 GHz.
Figures 7c and 7d show the same results for 6.15 GHz. Excellent agreement is achieved between simulated and
measured results. It is of importance that the proposed antenna preserves its original radiation characteristics
when any modification is done. Radiation pattern results show that the proposed quasi-Yagi antenna still has
stable end-fire radiation characteristics.
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Figure 4. (a) and (b) photograph of the fabricated prototype. (a) Top view, (b) bottom view. (c) Comparison of the
simulated and measured |S11 | results.

Figure 5. Current distribution results of the antenna at 3.35 GHz (a) and 6.15 GHz (b). Eﬀiciency and gain values of
the antenna (c).

The characteristic comparisons of the proposed antenna and the dual/multiband related quasi-Yagi
antennas are shown in Table . Typically, the dual/multiband feature is generated by modifications on the
driver element [18–23] and the director element [13, 24]. In these studies, the modifications made in the main
elements can lead to complex design structures, reduced gain, and unstable radiation patterns. In [24], for
instance, the director element is modified using metamaterials. However, the radiation pattern is considerably
changed compare to the conventional quasi-Yagi antennas. In our work, dual-band characteristic is generated
by using slots on the ground plane. The proposed antenna has a very simple design with stable gain and similar
radiation characteristics at two frequency bands.
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Figure 6. Comparison of the simulated radiation patterns of the proposed antenna at operating frequency limits.

Figure 7. Comparison of the simulated and measured radiation patterns of the proposed antenna.

4. Conclusion
A dual-band modified simple quasi-Yagi antenna with loading slots on the ground plane is presented. The
proposed antenna has a simple feeding mechanism with a compact overall size of W ×L = 0.47λ1 ×0.36λ1 (lower
band) and W × L = 0.86λ2 × 0.66λ2 (upper band) at the the resonance frequencies. Dual-band operation is
achieved through slots opened in the ground plane. The antenna has a −10 dB bandwidth of 11.8% and 9.7%
at the two resonance frequency f1 = 3.35 GHz and f2 = 6.15 GHz with 88% (f1 ) and 78% ( f2 ) eﬀiciency
and around a 4.3 − 4.4 dBi gain. At both bands, the antenna exhibits end-fire radiation characteristics. An
excellent agreement is observed between the simulated and experimental results. The proposed antenna can
find applications in wireless communications systems, microwave imaging, and power combining systems.
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Table . Characteristic comparisons of the proposed antenna and other dual/multiband quasi-Yagi antenna studies.
Refs.

[13]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

This
work

Method
Adding SRR
structures to
between director
and driven
element
Double dipole,
modifying on
driven element
Derived dipole,
modifying
on
driven element
Tri-arm dipole,
modifying on
driven element
Dipole with
L-shaped
slotlines,
modifying on
driven element
Dipole with
rectangular
loop shape,
modifying on
driven element
Ellyptical dipole,
modifying on
driven element
SRR
structures,
modifying on
director element
Adding slots to
reflector element

Frequency (GHz)
and bandwidth

Sizes (lower band)

Gain (dBi)

Complexity

Radiation
patttern

1.74–1.96 (11.8%)/
2.48–2.58 (4%)

0.49λ × 0.59λ

5.8/6

Moderate

Very
stable

2.13–3.1 (37%)/
5.15–5.9 (14%)

0.36λ × 0.9λ

3.6-5/2.4-5.3

Very low

Not
stable

0.7–0.93 (29%)/
1.5–1.8 (21%)/
2.38–2.43 (2%)

0.36λ × 0.9λ

0.3-4.4

Very high

Not
stable

1.85–2.00 (7%)/
2.25–3.05 (30%)/
3.35–3.80 (12%)

0.31λ × 0.38λ

2.8/3.5/5.1

High

Not stable

1.89 (3.5%)/
2.54 (2.2%)/
3.51 (1.6%)

0.44λ × 0.5λ

6.29/4.63/6.7

Very High

Relatively
stable

2.3–2.4 (3%)/
3.4–3.8 (13.1%)

0.3λ × 0.16λ

1.3/5

Very Low

Not stable

1.7–1.9 (11%)/
2.5–2.7 (7%)

0.36λ × 0.38λ

4.3–6/3.7–7.7

High

Relatively
stable

3.45 (1%)/
5–5.57 (13%)

0.63λ × 0.86λ

5.7/6.3

High

Stable

3.1–3.6 (11.8%)/
5.85–6.45 (9.7%)

0.47λ × 0.36λ

4.3/4.4

Very low

Very
stable
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